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the PROS carrier pipe installation and concrete culvert replacement was supplied by Environ and

Slurry Systems, Inc. bears no liability as to its accuracy.
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Background. This report describes Slurry Systems', Inc. (SSI's) thin barrier curtain wall
("TBCW") installation with the vibrated beam at the Enviro-Chem site in Zionsville,IN.
The TBCW was designed to use IMPERMIX® slurry with an in situ permeability of 1 x
10~7 cm/sec or less. A total of 22,923 square feet of TBCW was constructed from May
15th, 2006 through May 25th, 2006. Slurry Systems, Inc. superintendent for the project
was Mr. James Wallace (United Brotherhood of Carpenter's Pile Driver Local 578). Our
in-house crane operator was Lyle Prentice (International Union of Operating Engineers
Local 150). The Schneider Corporation of Indianapolis, IN performed the surveying
work on the site, inclusive of wall-staking and preparation of as-builts.

Appendix A contains the four permeability laboratory results, Appendix B contains field
reports, and Appendix C contains the as-built of the TBCW.

Construction Procedure. Site preparation activities, by Handex or Environ on behalf of
the Trust, included the following tasks:

• Field location of utilities (SSI did contact IUPPS independently.)
• Confirmation of approved water source & its storage, 20,000 gallons per

day
• Set-up of sanitation facilities
• Installing erosion and sedimentation controls, e.g. silt fence
• Installing project sign and safety signs, if required
• Removal of electrical lines per OSHA standards which interfere with our

construction of the TBCW
• Construction of dry, level, & stable gravel work platform, 15' to 18' in

width, along TBCW alignment, inclusive of a 90' overhead clearance,
capable of withstanding heavy equipment loads. The final elevation of the
work platform was a minimum of 3 feet above the groundwater table.

• Construction of the 2' x 2' reservoir trench along the TBCW alignment
with dams every 50'

• Removal of fence
• Maintaining of decontamination pad, inclusive of managing/disposing of

water & used PPE

SSI utilized its Liebherr Crane 853 HD, PTC 60 HD, specially fabricated vibrated beam,
and specially fabricated high speed/high sheer colloidal mixing plant during the TBCW
construction. The beam was marked every foot for easy identification of actual depth.
After the vibrated beam attained its required depth in the Design Report, the beam was
extracted at a controlled rate to fill the void left by the beam extraction, creating an in-
ground panel of slurry. This process was repeated along the line of the wall, with each
beam insertion overlapping the previously inserted panel. The continuous TBCW was
created by overlapping each 33-inch beam penetration (panel) by a minimum of 17
inches. The subsequent beam insertions overlap the previous by a total of 17 inches (14
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inches of fin, plus 3 inches of I-beam). The proper distance was measured for each beam
penetration.

It was intended for SSI to begin continuous wall installation at STA 0+00 and move
counterclockwise finishing at STA 10+35.1. To accommodate the Trust and the intended
media coverage of the site, SSI made a few site moves as requested. Continuity of the
TBCW was ensured through its overlap procedure as mentioned above. Wall verticality
was maintained by two principles: (1) the beam was checked prior to each penetration
for verticality with a 4-foot hand level, and (2) the beam takes the path of least resistance
as it penetrates the ground.

The width of the TBCW was verified by calculation. SSI compared the square foot
production in relation to the volume of slurry produced to give an average wall thickness
for that day. The wall was required to have a minimum width of 4 inches. The installed
TBCW met this criteria, please reference the following table:

Table 1. Slurry Systems, Inc. Vibrated Beam Production Summary

Date

05/15/06

05/16/06

05/17/06

05/18/06

05/19/06

05/20/06

05/22/06

05/23/06

05/24/06

05/25/06

Avg. Depth
(Ft)

Daily

22.04

21.32

19.134

17.74

22.92

26.57

25.74

21.86

23.19

23.88

Linear Footage

Daily

61.8

87.2

160.3

131.3

156.0

88.6

74.3

105.1

136.4

42.0

To Date

61.8

149.0

309.3

440.6

596.6

685.2

759.5

864.6

1001.0

1043.0

Square Footage

Daily

1362.1

1859.1

3067.2

2329.3

3575.5

2354.1

1912.5

2297.5

3163.1

1003.0

To Date

1362.1

3221.2

6288.4

8617.6

12193.1

14547.2

16459.7

18757.2

21920.3

22923.3

Slurry Volume
(Ft3)

Daily

486

891

1053

1053

1296

891

810

891

1134

567

To Date

486.0

1377.0

2430.0

3483.0

4779.0

5670.0

6480.0

7371.0

8505.0

9072.0

Width
(In)

Dally
calculatec

4.3

5.8

4.1

5.4

4.3

4.5

5.1

4.7

4.3

6.8

All work was performed in Level D with some modifications: ear plugs, safety glasses,
hard hats, work boots with over boots and Tyvek suits. The person breaking the bags
wore respiratory protection.

In addition to the construction of the TBCW, SSI was contracted to mix additional slurry
for the repair of two different areas along the TBCW which accommodated a carrier pipe
installation and the replacement of two concrete culvert pipes. These repairs are detailed
further:
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PRGS Carrier Pipe Installation. A carrier pipe for the permeable reactive gate
system (PRGS) system was installed on May 31st, 2006 by others through the
TBCW near the Southeastern corner of the Site. The PRGS carrier pipe is 12 inch
diameter HOPE, large enough to accommodate the largest conceivable diameter
PRGS pipe. The pipe was installed so that the crown is below elevation of 876
feet below mean sea level. A water stop was included near the midpoint of the
pipe. The ends are temporarily sealed with end caps. To allow for that
installation, the TBCW in this area was excavated, carrier pipe installed, and the
TBCW wall was repaired by SSI between 5 and 7 days after initial installation of
TBCW. The 5 to 7 day window was selected to ensure a good bond between the
original slurry and the new slurry.

The repaired section of the wall was constructed by SSI with the same slurry
mixture used to construct the TBCW with an in situ permeability of 10"7 cm/sec.
The repaired section of the wall extended from at least one foot below the invert
of the PRGS carrier pipe (EL 875) to the base of the reservoir trench, 2' below
current ground surface. The repaired section of the wall extended from the
centerline of the carrier pipe to a distance of at least 3 feet on either side of the
center line of the pipe and from the centerline of the original TBCW to a distance
of at least 3 feet on either side of the original wall.

Concrete Culvert Pipe Replacement. The TBCW needed to cross two existing
concrete culvert pipes near the southwest corner of the Site. The concrete culvert
pipes were temporarily removed by Handex where the intersection occurs. After
SSI constructed the TBCW wall through this area, the TBCW was excavated by
Handex for the replacement of the two concrete culvert pipes. The new concrete
pipe replacement sections were installed on May 31st, 2006. The west side was fit
into the existing pipe with a new rubber gasket. The west end was attached to the
existing pipe using a metal sleeve with butyl adhesive sealant around and between
the metal sleeve and the new & old sections.

The TBCW wall was repaired by SSI between 5 and 7 days after initial .
installation of TBCW. The repaired section of the wall was constructed by SSI
with the same slurry mixture used to construct the TBCW with an in situ
permeability of 10" cm/sec. The repaired section of the wall extended from at
least one foot below the invert of the two concrete culvert pipes to the base of the
reservoir trench. The repaired section of the wall extended from the centerline of
each concrete culvert pipe outward to a distance of at least 3 feet and from the
centerline of the original TBCW to a distance of at least 5 feet on either side of
the original wall. The space between the two concrete culvert pipes was also
filled with the same slurry mixture used to construct the TBCW.

After the completion of the TBCW operations, all remaining material and slurry was
removed from the ground surface in the construction area, including the mixing areas.
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Handex or Environ on behalf of the Trust was responsible to complete the following
activities:

• Removal of work platform, if desired
• Repair to cap of the existing land treatment cell, if required
• Proper disposal of decontamination water & PPE
• Replacement of fence that was taken down for TBCW construction
• Removal of silt fence
• Construction of cap for the TBCW, inclusive of excavation for the cap &

its backfilling
• Reconnection of the electrical lines
• Installation of piezometers

Slurry. The IMPERMIX® slurry was mixed in a 3yd3 mixing plant manufactured by SSI
located on the job site and the materials, subsequently, were deposited directly into their
final in situ position. Per 3yd3 batch, the following materials were used:

• Attapulgite Clay, 300# (50#/bag, therefore, 6 bags)
• Slag Cement, 560# (80#/bag, therefore, 7 bags)
• Water, approx. 580 gallons

The IMPERMIX® slurry when mixed achieved:

SUBJECT

IMPERMIX®
- as mixed

Slurry-In
Wall

STANDARD

APIRP13B

Hydraulic
conductivity

TYPE OF TEST

Field Tests (daily
batchplant reports):

Density (lbs/ft3)

Viscosity, Marsh
(seconds)

Laboratory Test
(final completion
report):
ASTM D 5084

MINIMUM
TESTING

FREQUENCY

Every 20,000
gallons or twice
daily (whichever
is greater)

every 300 LF of
wall

SPECIFIED
VALUE

68 to 75 Ibs/ft3

Greater than or
equal to 35
seconds
Less than or equal
to 1x1 0-7 cm/sec,
after 60 days of
setting

The samples for the field tests were taken at the mixing plant directly from the holding
tank. The samples for the laboratory tests were taken at the beam from the slurry bypass.

Geo-Testing Services, Inc. of Totowa, NJ was the laboratory which performed the
permeability tests. Samples were taken at 1+45, 4+50, 7+14, and 10+40. The results are
as follows:
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Sample l.D. Permeability

1+45
4+50
7+14

10+50

3.4xlO'9cmy
3.6 x 10'9cm/
2.6xlO-9cm/
1.8 x 10'8cm/

Please reference Appendix A for the "Summary of Laboratory Permeability Test
Performed on Cured Samples" and each individual permeability test.

Submittals. SSI submitted all of its pre-construction submittals with proper approval,
inclusive of Construction Work Plan, Work Schedule, Site Specific Health & Safety Plan,
and IMPERMIX® Supplier & Material Specifications. In addition, SSI submitted all of
its contractor construction submittals. inclusive of laboratory tests (included herein with
this report), field tests (on daily reports), trench bottom profiles (on daily reports) and
material certifications (available as shipped to project). This report is the final
completion report which is the only post construction submittal required.

SSI kept detailed and accurate records of the mixing plant and vibrated beam production
during installation of the TBCW. The Daily Work Reports required the signature of the
Trust Engineer's on-site representative. Copies of the following reports are attached as
Appendix B, which were submitted in the field to the Trust Engineer's on-site
representative:

• Daily Work Report
• Daily Vibrated Beam Production*
• Daily Batchplant Production
• Vibrated Beam Production Summary (not daily)
• Material Control (not daily)

Production records during driving of the vibrated beam included an accurate record of
the total penetration depth of each beam drive, maximum depth of penetration of each
beam, a record of the driving pressure, and changes in slurry pressure versus depth for
each beam.

Appendix C contains the as-built for the plan view of the slurry wall, as well as the
existing profile at the TBCW line.
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î  in

B
O

R
IN

G
:

S
A

M
P

L
E

:

P
ro

je
ct

 N
o
.:

 3
17

37
88

1

P
ro

je
ct

 N
am

e:
 S

lu
rr

y 
S

ys
te

m
s

CO

o
Z
CD
CJ>

CO

T-

d
Z
CO
D

2
n
Cu
CL

CO

CL

d
Z

"55
O

c
u
V

1

ci
m

en
 -

 A
pp

ar
at

us
 s

et
-u

p 
- T

ea

<1>
Q.
V)

O
T>
o

o
'fl
CO
CL

oo

L_

"33
O
CO
'x
CO

H

X

c
TJ

S
CO
0>
H-

0)

"0
CD
CL
co
*-

M
C
Q

s
3

^

P
re

lim
in

ar
y 

Le
ng

th
/A

re
a 

C
a

i
.a
+

.y

o
aj
Q.
CO

&
l£I

$
CO
a>
o

CO

0
CO
o
c
o

i

X

F
(J

,_
CO

d

n
3

_c

o
o
o
•*'

II

c
o
CO

E

a>
"O

15
Q)

E

S
CO

0.y
o

o

o

a>

X

S
0

ci
m

en
 o

rie
nt

?

a>
CL

CO

CM

~E(j

Tj-

m

n
o

U,
_J
TJ

CO
n>

o

X

CD

o

£
2
CD
h

•f>
CD
CL

CO
CU
TJ
'co

TJ
CD
.C
CO

W
at

er
 f

lu
ng

 s
at

ur
at

io

Q

CO

n
F
o

m
CO

••a-

n
o

c

CT>
CO

II
CJ

_J

O

E
o
0

CO

CL
0

o

cn
CO
c
k_
TJ

S3

E
T)

CO
CL
O

X

c
n

in
g 

co
ns

ol
id

c

Q

"*

E
0

C7>

S
d

n

§
1
£
CD
CL
cn
c

T>
r

U

0

c?

TJ
CL

X

CO
CD

8.
•5
o
f!
S
a
10

rt

^

in

TJ

I
T>

*
O

CO
II
0

13

CD

'̂

Q

a.

X

TJ
CD
CO
3

1

CO
CD

CU
CL

CO

n

J_J

CO

CO-

ll
o

>%

at
a>

CDn

»̂.

3
CO
CO
( )

CO

1
'o
mu
Z
in
S
o

T>
CD
N

2
c
E
a>
0

6

CM

(̂

CO

CO

CO
CM
CM
d

M
o

CO

^
CO

1
n

cnc

CD
CC

g
i

CO

c

0)

F

CO
Q

CL

1

•5
CO
c

O

E
qu

at
io

ns
 U

se
d

C)
°o
CM

«

C
U

%
0

LL

'5

TJ
CO
CD

_L

0

i
cn
m

55

c-
o
.c
,-

E

0.
00

00
75

7 
* 

S
c/

dT
(

n
^

0

1
E
u

•̂

1

1

?
"•-''

j

1i—

in
o>

cT
_c
CL

S

i*
CM
in

S
d
n
a:

?
<

1
V

1— 1

Ĉ
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SU M TU W<TH?F SA

of

BEAM PENETRATION

Beam # Time Down Depth (ft Up Comments
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Daily Totals
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Beam Total

Avg. Depth (Ft)
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Square Footage

New Redo Total

•V^;; •;.:;: •;:••':.;• • ' . . . . :-<;<... : :* ,.' •,-;. . v . . ;
:--:.;Y:" ' . : • ; . • ' ' .: '• • '' -
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Slurry Systems, Inc. Daily Vibrated Beam Production

Job No. 026-05VBS-IN
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Beam # Time Down Depth (ft Up Comments
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j
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z zr
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Daily Totals
Item

Beam Total

Avg. Depth (Ft)
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Square Footage
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•^•-.;:-^..- ' - . . . • • > • • : . • • - . • • • • • : • • . . • •;^:.-/-.: _ : • • • . • • , - . • . • • • • - • . . • - . ,

Comments
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Slurry Systems, Inc. Daily Vibrated Beam Production

Job No. 026-05VBS-IN
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Page / of
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2°.
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Beam Total
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New
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i-.':'-.V:!"-V..:.: ' • . X • • . • • • - • • ' ' : .-•...-.- -:'••:•:•. . - • : • , . • ' - • - . ' - - ; . • • • • • • . . .
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Slurry Systems, Inc. Daily Vibrated Beam Production

Job No. 026-05VBS-IN
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Page ^ of
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Item

Beam Total
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Slurry Systems, Inc. Daily Vibrated Beam Production

'V Job No. 026-05VBS-IN
Date _1
Page _^

SU M TU W THO^SA

Prepared by
of
y. t-

BEAM PENETRATION

Beam # Time Down Depth (ft' Up •-<-+\ & Comments

'/X
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5
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i : 16
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2
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Beam Total
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Slurry Systems, Inc. Daily Vibrated Beam Production

Job No.
Date
Page .
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3
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5

6

7

8

9
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2

3

4

5

6

7

8

9
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Time
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BEAM PENETRATION
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Z//6
£ II v
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Depth (ft)
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£7^

z/?k
2,7^
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Z;5^

5^
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Daily Totals
Item

Beam Total

Avg. Depth (Ft)

Linear Footage

Square Footage

New Redo Total

026-05VBS-IN
JT-/f~06 SU M TU W TH /̂SA

</ of / / X
by ni--4st̂ ~* ( /̂' <zAsts~~f̂ -sf̂ &

^
^̂ ::;.:7 ••; «. -. -• •• /:a:v- ;.;.;-:;,- ..-;; -.-^ ;v;.:-^^ - : - " . . - • .

^;M-.-7L

3^fr }
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I
[

•y;;w:r?;--^;r-:::-'^'.':-:v^- ; ; - ;>:--:r-:- •^-.,^-v:.-: • ; • • •• - • • . : :.-'.-. . • - - • . • • ' . . • • •

Comments
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Slurry Systems, Inc. Daily Vibrated Beam Production

Job No. 026-05VBS-IN
Date ^-Zt^ SU M TU W TH F

Page
Prepared by -f*

BEAM PENETRATION

Beam# Time Down Depth (ft) Up Comments
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12.
X£2
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11 C. >

Daily Totals
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Beam Total

Avg. Depth (Ft)
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3 <P
,̂.57

' &t>
^.35V./
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Total

• r :.,;:.; . ; , . ; . , . . . . . • • . • : . , . - . : - / - • •.-.•.••".•' - . . ' . • • • > • • . • - • • • - : : • . - • • : ' ' : • • • • • - - - . • • • . . ,
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Slurry Systems, Inc. Daily Vibrated Beam Production

Job No. 026-05VBS-IN
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BEAM PENETRATION
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7

3:57 t*
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Dr.v i
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Item

Beam Total

Avg. Depth (Ft)
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Square Footage
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'
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•."••'.ji.-ii'.i'i-M. ' • • : • . • . : ' • • • • - • • • • • . • " : >•-' ' • . - ' . '.-':• • : • • • • • < • • ' • . : : • • ' • . • : : • ' • • . • • • " , • ' . : • • • • • • • • • • : '• • . • • • j • • • . . . . . . . . . - . • • • . • • . .

Comments
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Slurry Systems, Inc. Daily Vibrated Beam Production

Job No. 026-05VBS-IN

Date tS"-

0 Page
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A^ 6? l
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Item
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Redo Total
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Slurry Systems, Inc. Daily Vibrated Beam Production
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Job No. 026-05VBS-IN

Date <T-

Page t
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BEAM PENETRATION

3eam# Time Down Depth (ft) Up r 4- f <Tx>^x [Comments
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Comments
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Slurry Systems, Inc. Daily Vibrated Beam Production
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Slurry Systems, Inc. Daily Vibrated Beam Production
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'Item
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Comments
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Slurry Systems, Inc. Daily Vibrated Beam Production

Job No. 026-05VBS-IN
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Item
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Slurry Systems, Inc. Daily Vibrated Beam Production
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Slurry Systems, Inc. Daily Batchplant Production

Job No. 018-0
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Time
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SLURRY MIX
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(Lbs/Bags

fa "7
,
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(Lbs/Bags

MIXING TIME
Clay

(min,

7

3"
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(min)

Batch No. "Z-

MF(sec)

Sp. Wt.

pH

Batch No.

MF (sec) 5 *?

Sp. Wt.

Batch No.

MF (sec)

Sp. Wt.

Batch No.

MF (sec)

Sp. Wt.

PH

Batch Total

Cubic Feet/Batch

Total Cubic Feet
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Slurry Systems, Inc. Daily Batchplant Production

Job No. 026-05VPS-IN
Date 5/li
Page
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Batch
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1

Time
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Sp. Wt.
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Cubic Feet/Batch

Total Cubic Feet
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Slurry Systems, Inc. Daily Batchplant Production

Job No. 026-05VBS-IN
Date SU M TU\W)TH F SA
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5^0

Clay
(Lbs/Bags

L
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L
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^
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U

•̂ i&iif DAILY TOTALS ^- "-

Batch Total

Cubic Feet/Batch
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(Lbs/Bags
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1
1
M

age of
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MIXING TIME
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3
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Batch No. /6
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PH

&:^:&^}--^ ::;
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Slurry Systems, Inc. Daily Batchplant Production

Job No. 026-05VBS-IN
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Water

(cu. ft.)
Clay

(Lbs/Bags
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Sp. Wt.

pH

Batch No.

MF (sec)
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Slurry Systems, Inc. Daily Batchplant Production
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^
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Slurry Systems, Inc. Daily Batchplant Production

Job No. 026-05VBS-IN
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Ĉo

W
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Batch Total
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(Lbs/Bags
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1
T
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q
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3
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3
5
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^
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Slurry Systems, Inc. Daily Batchplant Production

Job No. 026-05VBS-IN .
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Cubic Feet/Batch

Total Cubic Feet

X^7

&* /
216

1
7

~j
~[
'1
1
~i
i\

>,
3c?
3

3
3
f \

^

V
''̂

,1

3̂
3
^7

^3

Quality Control

Batch No. o

MF (sec) M. [̂
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l^^Sp. Wt. ^^ \

pH ( », D
:^v^:v;;;;:;:,;v;;/-,;.-; ;̂; ;

Batch No.

MF (sec)

Sp. Wt.

pH

'•"?:V.:'''?'-~-"'":' ;'; •• ' • ' • -"' •' : • ; ' ' : ' • . • . • / ' ' • • • !
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PH

•;v:rv;^:-^?';^'f',v?:f^'-.; ': '• '•: '•. '•:v:--c6mme'nts::^' -'••'"" ' •• " : - ' - : " ; : ' " - - - i " ": ' :-

G:\FORMS\FIELD\VBSIMP\BATCHIMP.WB2



Slurry Systems, Inc. Daily Batchplant Production

Job No. 026;05VBS-IN
Date
Page
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SU M TU W TH F SA

Batch

No.

1

Time

of day
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Water
(cu. ft.J
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Clay
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. ' •S
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Quality Control

Batch No.
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MF (sec) K [
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H

Batch Total
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Slurry Systems, Inc. Daily Batchplant Production

Job No. 026-05VBS-IN

Date SU M TU(§jTH F SA
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Sp. Wt. U^l

pH

i;;^-::;-:;;-;/-../-... ' : • • ? : • • ; • : ; . - . • •
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Slurry Systems, Inc. Daily BatchpBant Production

Job No.
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Slurry Systems, Inc. Daily Batchplant Production

Job No. 026-05VBS-IN
Date
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~foefft'

Cement
(Lbs/Bags
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7
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7
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Slurry Systems, Inc. Vibrated Beam Production Summary

Job No. 026-05VBS-IN
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Page

to Date

Prepared by:
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J>LcO

Date
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Start Stop
Avg. Depth

(Ft)
Linear Footage

Day To Date
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Day To Date
Slurry Volume (Ft3)
Day To Date Width (In)
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Slurry Systems, Inc. Material Control

Job No. 026-05VBS-IN

Date L-ft-oL

Page / of

Prepared by:

Today's
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Remaining

CLAY
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Pounds
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w THE DRIVING FORCE SM

APPENDIX C:
AS-BUILT

FINAL COMPLETION REPORT
FOR

VIBRATED BEAM SLURRY WALL

ENVIRO-CHEM CORPORATION
ZIONSVILLE, IN
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